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THE ANATOMY AND SOME OF THE BIOLOGICAL ASPECTS 

OF THE "AMERICAN MISTLETOE," PHORADEN- 

DRON FLAVESCENS (PURSH) NUTT 

BY HARLAN H. YORK 
INTRODUCTION 

According to the Engler and Prantl System of classification, 
there are eleven species of Plioradendron found in North America. 
Of these, five occur within the State of Texas, namely: Phoraden- 
dron Bolleanum Eichler and Plioradendron juniperanum Engelm., 
which are limited to various species of Juniperus, are reported 
from the western part of the State in the region of the Guadalupe 
Mountains and Howard Springs; Phoradendron villosum Nutt. is 
found in western and northwestern Texas; Phoradendron calif or- 
nicum Nutt. occurs in the vicinity of Eagle Pass; Plioradendron 
flavescens (Pursh) Nutt., which is the subject of this study, is dis- 
tributed over the State as far west as Eagle Pass. It is commonly 
knoAvn as the "American Mistletoe" and, though it is distinctly 
southern in its range, it extends as far northward as southern New 
Jersey, Maryland, Ohio, Indiana and Missouri. 

THE SEED 

The seeds are usually matured by the last of November. In 
shape, they are flattened, oval to oblong and occur singly in white 
berries which are borne on short axillary spikes. The embryo is 
distinctly dicotyledonous and is almost entirely embedded in the 
Endosperm. (Figs. 1 and 2.) It is abundantly supplied with 
chlorophyll. The cells in the free or radicle portion are rich in 
starch while in the part surrounded by the endosperm, there is 
very little starch present. The cotyledons are in such close con- 
tact with the endosperm, that it often appears as though there is 
but a single wall intervening between them and the cells of the 
endosperm (Fig; 3). The walls of the latter are thick while 
the adjacent cells of the cotyledons are thin-walled. These cells, 
which stain yellow with iodine, contain a fine granular substance 
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and numerous plastids which are well supplied with chlorophyll 
(Fig. 4). In the hypocotyl and radicle, the cells are larger and 
thicker walled than in the cotyledons and contain an abundance of 
starch (Fig. 5.) The endosperm is composed of large pitted cells. 
The cells of the outermost layer are palisade in shape. Their 
external walls have a distinct cuticular thickening while their 
radial walls are thin and have few pits (Fig. 3, b). Towards the 
embryo the cells become slightly thicker walled and more abund- 
antly pitted. The cells adjacent to the embryo are very much 
smaller than those in other portions of the endosperm. The outer 
layers of cells in the endosperm are richly supplied with chloro- 
phyll and contain small quanties of starch. The chlorophyll con- 
tent of the endosperm gradually diminishes towards the embryo 
while the cells become more abundantly supplied with starch. Thus 
the embryo is well provided with food material for its immediate 
use on germination. Owing to the nature of its habitat, a period 
of time must elapse between germination and the establishment of 
the young plant on its host, when the ready food supply in the 
endosperm is likely to become exhausted. The purpose of the 
chlorophyll in the endosperm is evidently for photosynthetic work 
in order that the young plant may be supplied with food until it 
becomes fixed upon its host. The cotyledons may remain im- 
bedded in the endosperm for a year or more and throughout the 
first year's growth of the plant, the peripheral cells of the endo- 
sperm are well supplied with chlorophyll. Thus besides a storage 
of food in the endosperm there is a mechanism whereby more food 
may be provided for the young plant after the stored-up supply be- 
comes exhausted. Immediately surrounding the endosperm is a 
whitish coat, the testa, which is composed of elongated scalariform- 
like cells (Fig. 3, c). The testa is prolonged into a beak-like 
extension at the chalazal end of the seed and extends almost to 
the outer surface of the berry (Figs. 1 and 6). The seed is sur- 
rounded by a layer of semi-transparent substance, the viscin, which 
is structureless and varies from three to foui* mm. in thickness. 
It is of special importance in seed distribution since it glues the 
seeds firmly to the object on which they chance to fall. The firm 
attachment of the seeds by the viscin is of great importance in that 
they are not easily dislodged by the wind and rain, and also the 
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seedling can press the tip of the radicle more firmly against the 
substratum while establishing itself upon its host. The viscin is 
of a sweetish taste, which is doubtless one of the. reasons why the 
' berries are eaten so freely by birds. A thin semi-transparent cutic- 
ular-like coat surrounds the viscin and forms the outer covering 
of the berry. 

DISSEMINATION OF THE SEEDS 

The seeds are distributed almost entirely as a result of being 
eaten by birds. On account of the stickiness of the seeds, they may 
adhere to the beaks and feet of birds and later become dislodged. 
The principal birds in the vicinity of Austin which feed upon the 
berries are mocking birds, sparrows and cardinals. In his obser- 
vations on the germination of Phoradendron villosum and Phora- 
dendron calif ornicum. Cannon^ states the following: "The dis- 
tribution of the mistletoe from tree to tree is likely always effected 
by the agency of birds, but its distribution in a tree may be 
brought about in another manner also, and thus it is frequently 
accounted for by the position of the older plant. In cases where 
infection has occurred on the higher branches of the host it fre- 
quently happens that numerous younger plants of the parasite 
will be placed directly under this pioneer, as if they were derived 
from seed." As far as the writer's observations have gone, a great 
number of young plants may often' be found near an old plant 
as stated above, but besides being below an old plant, they often 
occur in the branches around it. From what the author has 
stated, we are led to infer that the seeds from which the plants 
below the old plant have developed, were not distributed by birds, 
but by accident as a result of lodging upon the twigs. The ber- 
ries when ripe are rather turgid and have a firm outer covering 
Hence, in falling, they will very seldom become broken, so that 
they will lodge upon the twigs. Thus it seems that the distribution 
of the young plants, below the old "pioneers" is almost entirely due 
to birds. That this is true, the writer is led further to believe 
from observations which were made upon birds while they were 
feeding on the berries. 
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GERMINATION 

The seeds do not begin to germinate until they are exposed to 
favorable conditions of moisture and temperature. In this vicin- 
ity, germination begins about the middle of February and con- 
tinues through March and April. It has been claimed that the 
seeds will not germinate unless they have passed through the ali- 
mentary canal of birds as a result of which the greater portion of 
the viscin is removed. A number of experiments were tried in 
germinating seeds without removing the viscin and the seeds germ- 
inated as readily as those which had been eaten by birds. Imme- 
diately on germination, the radical turns towards its substratum 
with which it comes in contact in a week to sixty days. This 
period of time, however, depends upon the conditions of moisture^ 
temperature, and the position of the seed with reference to its sub- 
stratum. As soon as germination begins the radicle enlarges 
slightly and becomes somewhat rounded at the end. On coming 
in contact with its host, it flattens out, forming a circular-like 
attachment disc (Figs. 7, 8, and 9). The shape of the disc, how- 
ever, depends somewhat upon the character of the surface with 
which.it comes in contact. Soon after reaching the substratum, 
a papilla-like projection, the primary haustorium, develops from 
the under surface of the attachment disc, which by mechanical 
force and the secretion of a digestive substance sinks itself into 
the bark of the host. At first the growth of the primary haus- 
torium, as well as the whole plant, is exceedingly slow. As soon 
as the primary haustorium becomes established, it spreads out in 
'the cork cambium, hut does not penetrate beyond it (Figs. 10 and 
11, a). Its direction of greatest growth is usually towards the 
distal end of the branch and with continued growth gradually en- 
circles the branch. During the first year's growth, sinkers may 
be formed, and they usually penetrate the cortex of the host to the 
wood (Fig. 11, b). However, their formation during the growth 
of the first year depends upon the early germination of the seeds, 
as well as conditions of moisture and temperature. A number of 
examples were found in which the sinkers were not formed during 
the first year. Such an example is seen in Fig. 10, which is from 
a seedling that germinated about April 1, 1908. The ^.cotyledons 
often remain imbedded in the old endosperm tissue until the young 
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plant is established on its host. They evidently function as ab- 
sorbing organs to supply the young plant with food from the endo- 
sperm. The remains of the old endosperm tissue may persist for 
a year or more, adhering to the cotyledons (Figs. 8, c; 10, d; 
12, a). The cotyledons may either wither after the young plant 
is fixed upon its host or become slightly enlarged. No examples 
were found where they had developed to form foliage leaves. 

FORMATION OF AERIAL SHOOTS 

The aerial shoots which are first formed usually arise from 
buds, which develop on the attachment disc (Fig. 13). Occasion- 
ally more than one shoot may arise from a single disc. Sometimes 
a shoot may develop from the plumule between the cotyledon* 
(Fig. 12). Later as the haustorium spreads out in the cortex, 
buds are formed on its upper surface which develop into aerial 
branches. 

RATE OF GROWTH 

The rate of growth in the young plant is comparatively slow. 
The first yearns growth has been discussed. During the second 
year the first foliage leaves are formed. Usually but a single 
pair is produced and the entire plant seldom reaches a length of 
more than 1.5 cm. by the end of the year (Fig. 14). During the 
third year a second pair of leaves is usually developed and the 
plants average from 2.5 to 3 cm. in height (Fig. 12). Figure 
15 represents a plant about four years of age. Other stages of 
growth are represented in Figs 43, 44, and 45. The rate of 
growth is not uniform for all plants, the cause of which is prob- 
ably due to the physiological activities (5¥ the host, the position 
and location of the parasite on its host, and various environmental 
factors, such as light, temperature and moisture. The rates of 
growth represented in Figs. 10, 12, and 14, have been determined 
by observation, and in Figs. 13, 15, 43, 44, and 45, the different 
ages were determined by noting the depth to which the sinkers 
were imbedded in the wood in relation to the annual rings. In 
some cases it seems that aerial shoots are not always formed at the 
beginning of the second year's growth. Figure 13 represents a 
section through a plant which was at least two years old, since the 
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sinker was imbedded to the depth of one annual ring, and in Fig- 
ure 19 we have another example where the sinkers penetrate to the 
depth of two annual rings and only a single pair of foliage leaves 
have been formed. 

PERIOD OF GROWTH 

The period of growth evidently coincides with that of the host, 
the maximum growth being in the spring. Growth may continue 
throughout the whole summer. When aerial shoots were broken 
off at the outer surface of the bark of the host as late as August 
15th new shoots were immediately sent up, which became over 
three centimeters in height by the middle of November. 

THE MATURE PLANT 

The mature plants are rather bushy in appearance and may 
reach a length varying from one to three feet (Figs. 46 and 47). 
The stems are round and have oppositely arranged branches. The 
leaves are in opposite pairs. The stems, like the leaves, are well 
supplied with chlorophyll, and, at a distance, the plants appear 
slightly yellowish green, especially during the winter months. The 
plants are dioecious. The flowers develop during late summer and 
fall and begin blooming about the first of December. It is not 
possible to determine accurately the age which the mistletoe may 
attain. By counting the annual rings of the host to the depth to 
which the sinkers are imbedded, it is possible to determine approxi- 
mately the age of the mistletoe. The plant represented in Figure 
20 was three feet in length and appeared to be at least twenty years 
of age. This is the oldest plant which the writer has observed. 
Kemer and Oliver^ observed sinkers of the "European mistletoe," 
Viscum album, 10 cm. in length and inclosed in forty annual 
rings. 

THE LEAF 

The leaves vary in form from oblong-spatulate to oblong-ovate 
or orbicular, entire, rounded at the apex, narrowed at the base to 
a short petiole and obscurely three to five nerved. They are two 
and one-half cm. in length, from one and one-half cm. in width, 
and .8 to 1 mm. in thickness. They do not attain their complete 
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size in less than two or three years. The young leaves are slightly 
hairy but become glabrous at maturity. The position and struc- 
ture of the leaves are much the same as has been described for 
Phoradendron villosum.^ At first the upper surfaces of the young 
leaves closely face each other, but later they come to occupy a more 
or less horizontal position, the blades and petioles often becoming 
variously bent, so that both sides are equally exposed to the light. 
In the young leaves the epidermis is well defined and of equal 
thickness on both, sides. The outer walls of the epidermal cells are 
cutinized, and the cells in the mesophyll are more or less cubical in 
shape with small intercellular spaces (Fig. 17). As growth of the 
leaf continues the outer mesophyll cells of both surfaces become 
greatly elongated and palisade-like, while in the middle region of 
the mesophyll they enlarge more or less equally in all directions 
and many of them contain large rosette crystals of calcium oxalate 
(Fig. 18). The outer walls of the epidermis become more heavily 
cutinized. The yellow appearance of the leaves, as well as of 
the stem, is due to the presence of a yellow coloring substance in 
the external epidermal walls. The walls of the mesophyll cells are 
thin and become more or less pitted, and are well supplied with 
chloroplasts (Fig, 19). Stomata are equally abundant on both 
sides of the leaf and there are about twenty-seven to every, square 
mm. They are of a xerophytic type and are not sunken beneath 
the surface as in the case oi Phoradendron villosum (Figs. 20 and 
21). In size and number, as compared with the stomata of the 
host, they are about the same as in case of Phoradendron villosum 
and ifl3 host; i. e., the stomata are about twice as large and half as 
many in a given area as compared with its host. The vascular sys- 
tem of the leaf is well developed. The ends of the leaf traces 
of the tracheids are slightly swollen and form water storage 
tracheids. These terminate in groups of mucilaginous cells with 
which they form water storage reservoirs (Figs. 22 and 23). The 
mucilaginous cells are large, their walls are often broken down or 
disintegrated and they are usually filled with a mucilaginous sub- 
stance. The water storage areas increase in size by the contents 
of the adjacent cells, becoming replaced by mucilaginous sub- 
stances which are often deposited in layers, giving the cell a strati- 
fied appearance (Fig. 23, c). Very often many of the cells ad- 
jacent to the water storage areas contain crystals of calcium 
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oxalate (Figs. 24, and 25). Since the reservoirs occur at the 
terminals of the tracheids, very few, as a rule, are near the larger 
veins. They are most abundant near the margin of the leaf and 
entirely absent from the base (Fig. 26). Cannon states that no 
water reservoirs are present in the leaves of Phoradendron villosum. 
The same occur in Loranthus, and have been described in Viscum 
by Marktanner-Turneretscher,* and their presence was later denied 
by Solereder.*^ At first they were not recognized in Phoradendron 
flavescens. They were first noticed in a leaf that had been 
cleared in a saturated solution of chloral hydrate. By this process 
the water storage reservoirs and connecting veins were made to 
stand out very prominently (Fig. 22). It is very probable that 
water storage reservoirs do occur in Phoradendron villosum and 
also in other North American species of Phoradendron. 

THE STEM 

The structure of the stem is quite like that which has been de- 
scribed for Phoradendron villosum. In general, it is the same 
as an ordinary woody dicotyledonous stem consisting of a vascular 
system, medullary rays, wood fibres, tracheary cells, and a central 
pith region. 

CORTEX 

The young epidermal cells and the cortical cells just beneath 
are somewhat cubical or slightly elongated in shape, but become 
flattened as the stem grows older. In the epidermis, the«outer 
walls are cutinized, while the radial walls are slightly pitted. 
The stomata are simken beneath the outer surface (Fig. 27). As 
the stems grow older, the outer walls of the epidermis become 
heavily cutinized and the radial walls distinctly pitted. The 
stomata are slightly raised above the outer surface (Fig. 28). In 
very old stems the outer and radial walls of the epidermis become 
very thickly cutinized, the pits in the radial walls are entirely 
closed (Fig. 29). It is interesting to note that the longitudinal 
axes of the epidermal cells have a transverse extension^ in the 
stem, as has been described for Cycacs, Encephalartos, Tradescantia^ 
Crassula, and many of the Bromeliaceae (Fig. 30). As far as 
the writer has been able to determine, the epidermal cells persist 
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throughout the entire life of the plant and cork tissue is never 
formed. Since this appears to be true, as the stems increase in 
diameter as well as in length, the epidermal cells must necessarily 
divide (Fig. 30, d). Instead of the openings of the stomata being 
parallel to the longitudinal axis of the stem, as is the rule in most 
plants, their longitudinal axes are perpendicular to the longitudinal 
axis of the stem as is true of Viscum alhum,^ Loranthus, Nuytsia^^ 
Salicornia,^ Eazoumofshya, Casuarina,^^ and a number of other 
plants (Fig. 81). The air chambers below the stomata in old 
stems are almost entirely closed, and the guard cells have lost 
their chlorophyll and their walls have become cutinized. The cells 
of the cortex in a young stem are thin-walled and intercellular 
spaces are usually present (Fig. 27). As the stem increases in size 
the walls of these cells increase in thickness and become abund- 
antly pitted (Figs. 28 and 32). Numerous groups of stone cells 
occur toward the inner cortical regions. The outer cells of the 
cortex contain numerous chloroplasts, while in the inner portion 
starch is often present in the cell besides crystals of calciimi 
oxalate. The fibro-vascular bundles which are present in the stem 
are open collateral. Groups of bast fibres are located just outside 
of the phloem (Figs. 33, e and 35, a). 

THE XYLEM 

The first wood elements which are formed are spirally thick- 
ened tracheal cells which, later, may form tracheal tubes. Besides 
tracheal tubes, reticulated and annular tracheids appear as the 
stem becomes older. Adjacent to the medullary rays and inter- 
mingling with the tracheal vessels and the tracheids are thick- 
walled wood fibres (Fig. 34, b). In describing the formation of 
the wood fibres of the xylem in Phoradendron villosum. Cannon 
states that they are derived from cells which at first resemble slime 
cells, and later become changed into wood fibres. In Phoraden- 
dron flavescens the young cells which later become wood fibres do 
not resemble the slime cells just mentioned, but their walls grad- 
ually become thickened to form wood fibres. In describing the 
structure of the wood of Phoradendron villosum, Cannon states, 
that there is an abifndance of wood parenchyma in the mistletoe 
as compared with the wood fibres. In Phoradendron flavescens 
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wood parenchyma occurs in very small quantities if present. The 
wood appears to be made up only of wood fibres, spiral and an- 
nular tracheal tubes and annular and reticulated tracheids. On 
comparing the structure of the woody cylinder with that of a 
typical woody stem, the wood fibres which contribute so largley to 
the strength of such a stem are found in small quantities in the 
mistletoe, while, on the other hand, tracheal and tracheid ele- 
ments predominate in the wood of the mistletoe and occur in 
small quantities in a typical woody stem. In the heart-wood of 
an ordinary woody stem the tracheal and tracheid elements after 
a time usually lose their function as conducting tissues and be- 
come dead cells. In the mistletoe, the same elements seem to 
function throughout the life of the plant, or, at any rate, for sev- 
eral years. 

THE CAMBIUM 

In the cambium region, the cells are rather thick walled as 
compared with the cambium in the stem of the host (Fig. 35). 
The annular thickening of the' stem is so slight, that annular ring- 
formations do not occur, as in & ypical woody dicotyledonous, 
stem. 

THE PITH 

The pith in a very young stem consists of thin-walled paren- 
chyma cells. Very early in the growth of the stem transverse 
plates of stone cells are formed in the pith. Later, in the develop- 
ment of the stem, the walls of the cells between the plates of stone 
cells become very much thickened and pitted, and quite irregular 
in outline (Fig. 36). 

THE MEDULLARY RAYS 

Like the pith cells, the cells of the medullary rays in the woody 
portion of the stem are at first thin-walled, but as the stem de- 
velops their walls become thicker and abundantly pitted (Fig. 
34, a). In the old stems the cells in the outer and inner terminals^ 
of the medullary rays contain crystals of calcium oxalate (Fig. 33).. 
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THE HAUSTORIA 

The cortical haustoria are formed as a result of the primary 
haustoria first growing out into the cork cambium. Later, a^ 
growth continues, they branch and penetrate somewhat deeper into 
the cortex of the host, but do npt reach the primary cambium. 
The growth of the cortical haustoria is parallel to that of the 
aerial branches. In their early development, the haustoria are 
composed of thin-walled parenchyma cells which contain numerous 
chloroplasts and a coarse granular substance, which is largely com- 
posed of starch. The outer cells on the upper side of the haustoria 
are very much like epidermal cells in general appearance, while 
those on the underside are cubical in shape and slightly thinner 
walled than those above. The outer cells in the advancing tips of 
the haustoria are often somewhat elongated and papilla-like. These 
cells are thin-walled, and the nuclei are somewhat larger than in 
other portions of the haustorium. They are filled with a fine 
granular pr'otoplasm, and contain numerous chloroplasts (Fig. 37). 
In general, they resemble the haustorial cells, which have been de- 
scribed by Pierce.^^ They are of a glandular character and are 
called digestive cells, since they secrete a solvent substance which 
digests most of the cortical cells of the host, so as to make a path 
for the development and advancement of the haustoria. As de- 
scribed in Cuscuta, the digestive cells do not all grow at the same 
rate, since some are often longer than others. The adjacent cells 
of the host show evidences of breaking down, and usually there is 
a small space intervening between them and the digestive cells 
(Fig. 37). These conditions show that the haustoria do not make 
their Wjay through the cortex entirely by pressure from growth, but 
the way for their growth and advancement is opened up largely 
by the digestive cells secreting a solvent substance which dissolves 
the cortical cells of the host. The cortical cells of the host in the 
region which is traversed by the haustoria are usually rich in food 
materials, which doubtless serve to stimulate them to greater 
growth and development. Furthermore, the walls of the cells in 
these regions are rather thin, and naturally more easily dissolved, 
and consequently furnish a more accessible path for the haustoria. 
The haustoria in Phoradendron villosum have been described as 
being chemotactic, since they seek the cells richest in food content. 
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This may be true, but judging from the character of the cortex in 
Celtic mississippie7is{s, for example, which is a favored host of 
Phoradendron flavescens, and which contains a great number of 
stone and hard bast cells, the haustoria are forced to follow the 
path of least resistance since the digestive cells are not capable of 
dissolving tlie stone and hard bast cells. Again, in Phoradendron 
villosum, it is claimed that "the form and size of the digestive 
cells vary with the changes in structure of the host cells. The 
former are relatively long, when the host tissues furnish them 
with an abundance of food, but they become short and cubical 
when the adjacent host cells are poor in food as, for instance, when 
they are near the surface of the host stem. In the latter case the 
epithelial cells merge into the more typical epidermal cells. Not 
only is the shape and size of the epidermal cells dependent on the 
character of the adjacent host tissue, but it will soon appear that 
the ramifications of the haustoria through the cortex are also de- 
pendent on the same factor, because the epithelial cells make clear 
the way for advancing haustoria.'^ It is doubtless -true that the 
size of what may be termed strictly digestive cells varies with the 
food content of the host cells, but it seems that the structure of 
these cells has very little to do with the form of the digestive 
cells, since there is nearly always an intervening space between 
the cortical cells of the host and the digestive cells of the haus- 
toria. In the regions where the "epithelial" (digestive) cells 
merge into the more typical epidermal cells, they are often in 
contact with the adjacent cells of the host cortex, as is most al- 
ways true of the outer cells of the upper and lower sides of the 
haustoria. It seems, in this case, that pressure from growth within 
the haustoria is an important factor in determining their shape. 
As for the ramifications of the haustoria through the cortex of the 
host, their course is not entirely dependent upon the food content 
of the cells in the regions traversed, but upon the morphological 
character of the cells. As already stated, the walls of the cells 
in that part of the cortex which the haustoria come to occupy are 
thin and easily digested. Hence they offer the least* resistance 
to the advancing haustoria. Early in the development of the 
haustoria, a central conducting system is differentiated, while the 
surrounding cells remain thin- walled and form. the cortical region. 
The cells are rich in chloroplasts, especially in the outer portion 
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of the cortex and well supplied with starch which becomes more 
abundant towards the interior. Grit cells are often present, but 
it is not always possible to determine their origin. They may be 
formed from cortical cells of the haustoria, or they may be groups 
of grit cells from the cortex of the host, which have, been sur- 
rounded and not dissolved by the digestive cells of the haustoria. 

SINKERS 

The cortical haustoria send out growths from their underside 
which penetrate the cortex to the cambium layer and later be- 
come imbedded in the wood by the formation of new annular rings. 
These outgrowths are known as the sinkers. Soon after they orig- 
inate from the haustorium they become directed to the medullary 
rays of the cortex of the host, which they traverse to the xylem. 
Later they come to occupy the medullary rays of the wood. The 
course of the sinkers through the cortex is doubtless influenced by 
the permeability of the medullary region, and the importance of 
securing the best relationship for food and water. The structure 
of the sinkers does not differ essentially from the cortical haustoria. 
By the time they reach the cambium of the host the cells become 
slightly heavier walled, while those at .the tip of the sinkers are 
somewhat shortened. The shortening of the cells at the tip is 
doubtless due to the pressure from growth within. No cells simi- 
lar in character to the digestive cells of the haustoria were found 
in the sinkers at any stage of their development. A cross-section 
through a sinker just below the cambium layer shows two well-de- 
fined regions, a central vascular portion, and an outer, or cortical 
layer (Fig. 38). The structure of a sinker varies according to its 
position in the host. The part of a sinker which is in the cortical 
region of the host is very similar to the cortical haustoria, while 
the portion in the wood has a very different structure. The struc- 
ture of the central cylinder is the same for both regions of the 
sinker. The cortical layer of that part of the sinker which is in 
the cortex of the host is made up of large thin-walled cells and has 
few intercellular spaces (Fig. 39). The cells are well supplied with 
chloroplasts and starch. In the xylem of the host the cortical 
region of the sinker is composed of rather heavy-walled cells, which 
are abundantly pitted and with no intercellular spaces (Fig. 39). 
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Starch is sometimes present in the cells in small quantities. Be- 
tween the two cortical regions of the sinker is a meristematic zone 
which coincides with the cambium of the host. Here the cells are 
smaller and slightly thinner-walled than in other portions of the 
sinker. The vascular tissue of the central cylinder of the sinker 
is made up of vessels which appear to have both spiral and annular 
thickenings, and many are reticulated (Fig. 40, v). In Phoraden- 
dron villosum the tracheary vessels are said to be surrounded with 
thin-walled elongated cells which are filled with a dense granular 
substance. If such cells are present in the sinkers of Phoraden- 
dron flavescens, they were not seen. The tracheids in that part 
of the sinker which is imbedded in the wood terminate in the corti- 
cal cells and are separated from the tracheids in the portion of the 
sinker which is imbedded in the cortex of the host by the meri- 
stematic layer. The tracheids in the latter-named portion of the 
sinker unite with the same elements in the cortical haustoria which 
in turn merge into similar tissues in the stem. No sieve tubes 
are found in the sinkers. The remaining portion of the central 
cylinder is composed of large, thin-walled, pitted cells with few 
intercellular spaces (Fig. 40, p). The sinkers are in such close 
contact with the cells of the host, especially in the wood, that 
there is apparently a single wall intervening between the cortical 
cells of the sinker and the adjacent host cells. This association 
is so intimate, that the pits of the cells in the sinkers are often 
in direct apposition with the pits of the cells of the host. Thus 
we see that apparently the most intimate relationship between , 
the mistletoe and its host is in the xylem. Furthermore, as 
Pierce has shown in the case of Vise urn album, a special pro- 
vision is made only in the xylem for the conduction of the sub- 
stances of the host into the parasite. Since the sinkers are not 
in direct contact with the phloem of the host and do not possess 
sieve tubes, they do not receive freshly elaborated foods from the 
host, as it is through the sieve tubes that the newly prepared car- 
bohydrates are conducted. Hence the mistletoe is not a total para- 
site. It is abundantly supplied with chlorophyll both in the leaves^ 
and in the stem, and, therefore, in accordance with its relationship 
to its host, it robs its host largely of water and the mineral salts 
which chance to be in solution. Thus it is almost entirely a water 
parasite. Whatever carbohydrate substances are extracted from. 
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the host must necessarily be almost entirely reserve food. Since 
reserve foods are stored in the xylem, they may be appropriated by 
the parasite, especially at the beginning of the growing season, 
when they become liquified for transportation through the xylem 
to wherever they are needed in the host. The sinkers do not grow 
down into the wood of the host, but the wood is built up around 
them. The cells in the meristematic region of the sinkers divide 
as the cells in the cambium layer of the host divide, so that it is 
able to accommodate itself to the increase in diameter of the host. 

AERIAL HAUSTORIA 

Sometimes those portions of the cortical haustoria which are 
adjacent to the base of the stem of aerial shoots become exposed 
to the air as a result of their continued growth and the remains 
of the cortex of the host above disintegrate and weather away. 
They are known as aerial haustoria, and with their change in 
environment their structure and function become greatly modified 
(Fig. 48). The epidermis becomes greatly thickened and colored, 
and, with the exception of stomata, is very much like the epidermis 
of an aerial shoot. Cortical and wood cylinder regions are devel- 
oped, which in general appearance resemble the stem (Figs. 42, c 
and b). In the cortical region of an aerial haustorium the cells 
are more or less irregular in size, pitted and contain crystals of 
calcium oxalate. Clusters of grit cells are often present, as in the 
cortex of aerial stems. The growth of the woody portion is largely 
toward the outside of the host. There are no pith and primary 
vessels present. The wood fibres are formed from slime cells, as 
Cannon has described in the stem of Phoradendron viUosum. In 
describing the structure of aerial haustoria of Phoradendron viUo- 
sum, he states that there is a phloem region composed of bast 
parenchyma, sieve tubes and companion cells. If such is true for 
Phoradendron flavescens, it was not recognized. As far as the 
writer was able to determine, there is a sort of cambium layer be- 
tween the woody region on the one hand and the cortex on the 
other. From this cambium zone, there is a gradual transition 
from very thin walls to thicker walls and pitted cells, as in the 
cortex of the stem. On the woody side of the cambium, the change 
from' thin-walled cells to woody tissues is abrupt, being quite simi- 
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lar to an ordinary woody stem. As in Phoradendron villosum, 
there is a marked difference in the proportion of the cortex, and 
conductive tissue of the cortical haustoria as compared with the 
same in the aerial haustoria. The amount of cortex is greater in 
the former, while the conductive tissue predominates in the latter. 
Starch is present in much larger quantities in the cortex of the 
cortical haustoria than in the same region in the aerial haustoria. 
Thus we see that the aerial haustoria come to function as con- 
ductive organs and hold-fasts, 

THE EFFECT OF THE MISTLETOE UPON ITS HOST 

The direct effect of the mistletoe upon its host is an abnormally 
increased development of tissue in the infected regions, causing 
them to become greatly distorted and swollen. Pitra^^ has claimed 
that hypertrophy of the infected portion is caused by an increased 
flow of sap to this part of the host to supply the' demands of the 
parasite for water. In these regions the proportion of the water 
vessels to wood fibres and their size is much greater than in normal 
wood tissue. This condition is evidently caused by excessive flow 
of sap to meet the needs of the mistletoe for water, and, as growth 
continues from year to year, the branch becomes heaved out into a 
large swelling (Figs. 16, v and 49). The effect of the mistletoe 
upon its hosts, even in the same species, is variable. In some cases 
the infected regions shdw very little swelling, while again they are 
greatly distorted (Figs. 46, and 47). Besides the infected region 
being hypertrophied by the mistletoe, the part beyond this portion 
often becomes atrophied as a result of the interception of its water 
supply, and in time dies. Again, examples have been found where 
the region below the infected portion of the branch was atrophied, 
while the part beyond the point of infection had become greatly 
developed (Fig. 49). As previously stated, the primary haus- 
torium spreads out toward the distal end of the branch, and in 
many cases gradually encircles it. Thus, in time, the whole cir- 
cumference of the branch may be surrounded with cortical haus- 
toria, beset with aerial branches and new sinkers sent down into 
the woody tissue (Fig. 52). Some observers have claimed that the 
central portion of the branch becomes exhausted and dies as a 
result of the medullary rays becoming occupied with the silikers 
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of the parasite, and at the same time the sinkers in the exhausted 
regions also die. No such observations were made, where this 
appeared to be true as a result of the direct effect of the mistletoe. 
A number of examples were found in which the tissues of the 
host in the region of the sinkers had begun to decay, as well as 
the sinkers themselves. In these cases, the mistletoe had been 
attacked by wood-boring insects which made large excavations in 
the basal portion of the plant in the cortical region of the host 
(Fig. 50). As a result, the aerial branches with the adjacent cor- 
tical portions of the mistletoe are often killed. Thus in the de- 
struction of the parasite ways are opened by means of which in- 
sects, fungi and bacteria gain entrance to the host. Many believe 
that mistletoe actually kills trees. If this be true, it has never 
been observed by the writer. There can be no doubt that the 
mistletoe does greatly stunt or affect the growth of trees, often 
causing them to be dwarfed, and their branches greatly distorted 
(Figs. 53, 54, and 55). As previously stated, in many cases the 
portion of the hranches beyond the infected regions die. This is 
frequently due, especially in young branches and twigs, to the 
direct effect of the mistletoe. As stated above, the mistletoe itself 
may -often be killed by being attacked by wood-boring insects.^ 
Thereby ways are opened up so that fungi, bacteria and insects 
gain entrance into the branches, which in time die. Another ap- 
parent effect may be seen in examples of badly infected trees that 
are often delayed for several days in putting out their leaves. 
Here we must take into consideration the fact, that normal trees 
of the same species growing in the same vicinity do not always 
send forth their leaves at the same time. Observations were made 
where the leaves in badly infested trees were at least two weeks 
late in making their appearance. Is the relationship of the mistle- 
toe and its host a mutual advantage, or does the mistletoe receive 
all the profits at the expense of its host? Bonnier^^ has pointed 
out that Viscum album during the summer is nourished by its host, 
and during the winter it in turn furnishes its host with food. It 
does not seem probable that such harmony as just mentioned be- 
tween host and parasite prevails in the case of Phoradendron flaves- 
cens and its host. During the winter trees are in a state of rest, 
and there is very little, if any, demand for food. The structure 
of the mistletoe itself is such that there can be little possibility of 
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any food transference from it to its host. Many examinations 
were made of material collected from December to the middle of 
March, for the purpose of determining whether there was any dif- 
ference in the content of the food storage cells of the mistletoe 
and adjacent cells in the host', but none could be detected. Fur- 
thermore, the food content in these adjacent tissues of the host 
was identical to that of similar tissues of uninfected parts. The 
only difference, if any, was that in the former the cells seemed to 
be more densely filled with starch than in the case of the latter. 
It was also found that the starch grains present in the cortical 
cells of the sinkers were almost identical in shape and size to those 
of the adjacent host cells. 

It has been claimed that Phoradendron villosurn is totally para- 
sitic during its younger stages upon its host. In Phoradendron 
flavescens there appears to be no period in which it is wholly para- 
sitic. Until the young plant has penetrated into the cork cambium 
of its host, it is entirely dependent for its food supply upon the 
endosperm, which not only contains stored food, but a photosyn- 
thetic mechanism to supply the further demands of the young 
plant. Even when the young plant has become established, it is 
probable that it does not draw entirely upon its host for food, since 
'its own cells are rich in chlorophyll. It is impossible to determine 
the extent of parasitism in the mistletoe. As has already been 
shown, it is largely a water parasite. A number of experiments 
were tried with the purpose of testing the extent of its water para- 
sitism, by cutting away the outer cortical layers of the host imme- 
diately surrounding the bases of aerial shoots, so as to remove the 
greater portion of the cortical haustoria. These experiments were 
begun about January 15, 1908, and the plants were alive and ap- 
parently thriving as well as those growing under normal conditions 
on May 20, 1908. No observations were made again until October 
1, 1908, when the plants were found to be dead. Even if the 
plants had lived, there would not have been sufficient evidence to 
prove that the mistletoe is a water parasite. Neither did the fail- 
ure to live prove that it is not a water parasite. But since the 
plants died, it seems we have more ground for believing that the 
mistletoe is not so much a water parasite as has been believed, but 
is dependent upon its host for a portion of its carbohydrate food. 

In structure, the mistletoe is typically xerophytic. It is not 
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possible to determine what the factors are which have brought 
about this structure. The very nature of the habitat of the mistle- 
toe is doubtless the important factor in producing its character- 
istic structure. Not being in direct contact with soil water, the 
mistletoe is forced to obtain its water second-handed from the 
tree. The host itself passes through a period of seasonal drought 
each year, which occurs in the winter months. In this vicinity 
it sometimes happens that there is very little rainfall, if any, 
from the middle of June to the latter part of September. Dur- 
ing the first period mentioned, the flow of sap is practically at a 
standstill, while in the latter example the sap flows exceedingly 
slow. As a result, there are times when the mistletoe is able to 
secure very little water from its host. Such conditions have con- 
tributed very largely in bringing about a xerophytic structure, 
especially in producing such adaptations as water storage reser- 
voirs in the leaves. 

The trees that are most subject to infection by Phoradendron 
flavescens in this vicinity are mesquite, hackberry, ,elm, osage 
orange and various oaks. In Austin fully ninety per cent of the 
trees subject to mistletoe are infected. Trees are often so densely 
infected with mistletoe that they present a leaved appearance dur- 
ing the winter months of the year (Fig. 56). Mistletoe has 
been observed growing on the following named trees: hackberry, 
elm, mesquite, oak (excepting live oak), ash, osage orange, prickly 
ash, pecan, gum elastic, Foresteria, walnut, mulberry and wild 
'china berry. Of the trees just mentioned, the hackberry, elm and 
osage orange are the most favored hosts of the mistletoe in the 
vicinity of Austin. Of these, the osage orange becomes most 
greatly distorted. Why some trees are infected more than others 
has not been definitely determined, but the reason is doubtless due 
to the fact that in such trees as hackberry, for example, the 
branches, and especially the twigs, are covered by a very thin layer 
of corky tissue. Hence in such cases the outer cortical tissues are 
more easily and quickly penetrated than they would otherwise be. 
Apparently a number of different species of trees are totally im- 
mune to mistletoe. The cause of immunity is not definitely known. 
It is most likely due to the nature and structure of the bark, and 
the chepfiical contents of the cortical cells beneath. It seems that 
this is the only way to account for the absence of mistletoe upon 
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such trees as the box elder, willow, sycamore and china tree. A 
number of attempts were made to grow mistletoe upon the china 
tree, but all failed. There is in the younger portions of the tree 
a periderm-like covering through which the embryos could not 
penetrate. That immunity may be partly due to the chemical con- 
tents of the cortical cells, is only a theory, since the writer has never 
observed examples where the seedlings had penetrated the outer cork 
layer, and then perished. Again, in such trees as the cottonwood 
immunity may be largely due to the thickness of the outer corky 
layer. Hence, we might conclude that the chief factors in im- 
munity of certain trees to Phoradendron flavescens are the char- 
acter of the external surface and the thickness of the outer layers 
of cork. 

REMEDIES AND MEANS OF ERADICATION 

Very little has ever been done in this State towards the ex- 
termination of the mistletoe. This is doubtless due to the fact 
that no means for destroying it without injury to its host is 
known. The present method for removing the mistletoe from 
trees in this vicinity is by the use of a long pruning hook, or 
^^Dreaking it out" of the tree by some other means (Fig. 57). By 
such methods of pruning, if done before the berries mature, the 
further dissemination of the mistletoe will be prevented if con- 
tinued by the universal co-operation of all real estate owners. 

It has been claimed that by continued pruning from year to 
year after a time the plant will die. According to statements 
made by reliable citizens whose observations extend over a period 
of ten years or more, the haustoria do not seem even hindered in 
their growth by the yearly pruning of the aerial shoots, and at the 
beginning of every season send up new shoots. The writer has 
observed that a number of real estate owners in this vicinity have 
endeavored to kill the haustoria by painting the infected regions 
with various creosote preparations, but all of these attempts at 
killing the mistletoe have failed. 

The writer has a number of experiments in progress in order to 
find a means for killing the mistletoe without injury to the host. 
These experiments were begun January 22, 1908, and thus far, 
with few exceptions, have been successful. The method employed 
is as follows: The aerial shoots were first cut out and then the 
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outer layers of cork in the infected regions were shaved oflE with an 
ordinary drawing knife, so as to expose the entire haustorial por- 
tion of the plant. iThen these portions were thoroughly coated 
with coal tar, in order to prevent further development of the haus- 
toria, and to keep out fungi and insects. If this method does not 
prove entirely successful, it will, at any rate, greatly retard further 
development of the mistletoe, and, though it may seem laborious, a 
valuable tree is always worth saving. In ridding trees of mistle- 
toe, the smaller branches which are parasitised should be pruned 
out, while the larger infected regions should be treated as stated 
above. 

SUMMARY AND CONCLUSION 

The dissemination of the mistletoe is almost entirely by birds. 

It is a slow grower. Its maximum period o£ growth coincides 
with that of its host, and growth apparently continues throughout 
the entire summer. _ 

The mistletoe is not a total parasite. Since it is so abundantly 
supplied with chlorophyll, both in the aerial shoots and in the 
haustoria, it is not entirely dependent upon its host for carbohy- 
drate food substances. Its relationship to its host is such that it 
is largely a water parasite, and whatever carbohydrate substances 
it takes from its host are reserve foods, which have been stored in 
the wood. 

In structure it is essentially xerophytic. 

The most favored hosts of the mistletoe in this vicinity are 
hackberry, elm, mesquite and osage orange. 

The immunity of certain trees to the mistletoe is largely due 
to the character of the external surface and thickness of the outer 
corky layer. 

The direct effect of the mistletoe upon trees does not kill them, 
but often causes them to become very much dwarfed, and their 
branches greatly distorted. Parts of trees, or whole trees, may 
die as an indirect result of being infected with mistletoe. The 
mistletoe is first killed by wood-boring insects, and then through 
it ways are opened by which fungi, bacteria and wood-boring in- 
sects gain admittance to the trees, wKich in turn die from the 
effects of these pests. 
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If properly treated, the mistletoe can be killed without injuring 
the host. 

This study was begun in the winter of 1906-1907 and was car- 
ried on in the Laboratory of the School of Botany at the 
University of Texas. The observations made in this investi- 
gation are limited almost entirely to the mistletoe as seen in the 
vicinity of Austin, Texas. The writer takes pleasure in express- 
ing his gratitude for the advice and suggestions given by Dr. P. D. 
Heald, Professor of Botany at the University of Texas, and the 
kind assistance of Mrs. Edith C. York in making the drawings. • 
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EXPLANATION OF PLATES 

An Abbe camera was used in making the drawings, and with 
the exception of Figs. 7, 8, 9; 10, 12, 14, 15, 22 and 26, they 
were made from free-hand sections of fresh material. Figs. 6, 7, 
8, 9, 12, 14, 15 and 16, were drawn with a Bausch and Lomb dis- 
secting microscope and a one-inch lense. With the exception of 
No. 7, which is enlarged about 4.7x, they have a magnification 
of 2.5x. 

The remainder of the drawings were made with a Leitz Com- 
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pound Microscope, and are magnified as follows: Figs. 1, 2, 10, 
13, 33, 33, 38, 41, and 42, lO.ox; Fig. 11, 21x; Figs. 3, 17, 18, 
24, 25, 34, 35 and 39, 77x; Figs. 20, 21, 23, 27, 28, 29, 30, 31 
and 37, 109.3x; Figs. 4, 5, 19, 32 and 36, 203.7x; Figs. 7 and 8 
were made by Miss Nannie Lea Caldwell, formerly student as- 
sistant in Botany. Fig. 57 was photographed by Dr. W. L. Bray, 
Professor of Botany, Syracuse University. 

Plate I 

Fig. 1 Section of mature seed, showing embryo, endosperm 
and testa : d, region ,of endosperm containing chlorophyll. 

Fig. 2 Cross section through seed in region of cotyledons, a. 

Fig. 3 Section through endosperm in the region of cotyledons; 
a, outer layer of cells of cotyledons; b, external layer of cells in 
•the endosperm; c, testa. 

Fig. *4 Cells from the outer layer of cells of the cotyledons as 
seen in a. Fig. 3. 

Fig. 5 Cell from radicle of the embryo. 

Fig. 6 Mature berry : a, seed ; b, viscin ; c, outer coat. 

Fig. 7 Seedling showing attachment disc, a ; b, hypocotyl ; c. 



Fig. 8 Lateral view of seedling showing attachment disc, a; 
b, primary haustorium; c, remains of seed. 

Fig. 9 Two embryos from a single seed showing attachment 
discs. 

Fig. 10 A one-year-old plant: a, primary haustorixma; b, cork 
cambium; c, primary cambium; d, seed. 

Fig. 11 A plant one-year old showing first sinker, b; a, pri- 
mary haustorium ; c, cork . cambium ; d, primary cambium ; e, 
medullary rays occupied by the sinker. 

Fig. 12 A plant three years of age: a, remains of seed; b, 
cotyledons; c, bud on the attachment disc. 

Fig. 13 A plant two years old, in which foliage leaves have not 
appeared: a, an aerial shoot-bud on the attachment disc; b, corti- 
cal haustorium ; c, primary cambium ; d, annual ring of the xylem. 

Fig. 14 A plant two years of age, showing the first pair of 
foliage leaves: a, old hypocotyl; b, remains of endosperm. 



Digitized by LnOOQ IC 



The American Mistletoe 29 

Plate II 

Fig. 15 A plant which was about four years old: a, old hy- 
pocotyl. 

Fig. 16 A plant which is three years of age with but a single 
pair of foliage leaves. The sinkers are imbedded in two annual 
rings, and the old hypocotyl is still present: a, cortex of host; v, 
inner portion of annual rings showing water vessels. 

Fig. 17 Section of a very young leaf. 

Fig. 18 Section of an old leaf. 

Fig. 19 Cell from the outer mesophyll region of a mature leaf 
showing chloroplasts, nucleus and pitted character of the cells; 
a, portion of the wall showing peripheral layer of cytoplasm and 
chloropl9,sts. 

Fig. 20 Cross section of a stoma from a mature leaf. 

Fig. 21 Surface view of a stoma from a mature leaf. 

Fig. 22 Surface view of a portion of a leaf that had been 
cleared in chloral hydrate, showing water reservoirs, and their re- 
lationship to the veins. 

Fig. 23 Section through a water reservoir showing relation- 
ship to a vein: a, water tracheids; b, tracheal cells; c, stratified 
layers of mucilage in cells which are changing to form water stor- 
age cells; d, chloroplasts in outer region of the cell. 

Figs. 24 and 25. Sections through water storage reservoirs 
showing calcium oxalate crystals, e, in surrounding cells. 

Plate III 

Fig. 26 Surface view of leaf that had been cleared in chloral 
hydrate, showing general distribution of the water reservoirs. 

Fig. 27 Longitudinal section from outer cortex of a very 
young stem, showing a cross section of a stoma. 

Fig. 28 Longitudinal section from outer cortex of an old stem, 
showing a cross section of a stoma. 

Fig. 29 Epidermis from a very old stem. 

Fig. 30 Surface section of the epidermis from a stem: d, a 
cell which has just divided. 

Fig. 31 Surface view of stoma from the stem. 

Fig. 32 Cell from cortex of an old stem. 

Fig. 33 Cross section of a stem: a, medullary rays; b, wood 
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fibers of the xylem; e, water vessels; d, pith; e, bast fibres; i^ 
phloem; f, cambium zone; g, grit cells. 

Fig. 34 A portion of the xylem: a, medullary rays; b, wood 
fibres; c, water vessels. 

Fig. 35 The phloem region: a, bast fibres outside of the 
phloem; b, cambium zone. 

Fig. 36 A pith cell. 

Fig. 37 Cells from the advancing point of the haustorium: 
c, cortical cells of the host. 

Fig. 38 Cross section of a sinker just beneath the primary 
cambium: a, cortical region; b, central vascular region. 

Plate IV 

Fig. 39 Longitudinal section through the outer cortical regions 
of a sinker: m, meristematic zone of sinker; c, cells from the pri- 
mary cambium of the host. 

Fig. 40 Longitudinal section of a portion of the sinker which 
is imbedded in the xylem: b, medullary ray cells of host; c, cor- 
tical cells of sinker; v, vascular tissue; p, pitted parenchyma of 
the central cylinder. 

Fig. 41 Longitudinal section of a sinker : c, cortex ; v, vascular 
strands; p, parenchyma cells. 

Fig. 42 Cross section of an aerial haustorium: c, cortical 
region; b, central cylinder of woody and vascular tissue; v, vas- 
cular strands; w, wood fibres; m, meristematic zone; g, grit cells. 

Figs. 43, 44, 45 Plants about five, six and seven years of age. 

Plate V 

Fig. 46 A plant three feet in length, about twenty years of 
age, and showing a slight hypertrophy in branch of the host. 

Fig. 47 A typical growth of Phoradendron flavescens. The 
plants were about two feet in height. 

Plate VI 

Fig. 48 Basal portion of a plant showing aerial haustoria, a. 
Fig. 49 A branch of Acacia, which is atrophied below and 
hypertrophied above the infected region. 
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Plate VII 

Fig. 50 Basal portion of an aerial shoot which was almost 
entirely eaten out by ants that had gained entrance into* the mistle- 
toe as the result of wood- boring insects. 

Fig 51 Aerial shoots one year old, which developed from 
stumps of aerial shoots, which had been broken off in the preced- 
ing year. 

Plate VIII 

Fig. 52 A cross section of the branch represented in Fig. 49, 
showing how the haustoria encircles the branch and position of 
sinkers and aerial branches. 

Plate IX 

Fig. 53 A distorted limb from mulberry. 

Plate X 

Fig. 54 Osage orange, the limbs of which are greatly distorted 
as the result of the mistletoe. 

Plate XI 

Fig. 55 An elm showing the dwarfed and distorted condition 
of the limbs caused by the mistletoe.* 

Plate XII 

Fig. 56 A hackberry tree, Celtis mississippiensis badly in- 
fested with Phoradendron flavescens. 

Plate XIII 

Fig. 57 The ordinary way of pruning mistletoe from trees. 
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PLATE III 
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43, 44, 45. Plants About Five, Six and Seven Years of Age. 
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PLATE V 



46. A Plant Which Was Three Feet in Length and about Twenty Years of Age. 



47. A Typical Growth of Phoradendron Flaveacena about Two Feet in Height. 
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PLATE VI 



48. Basal Portion of a Plant Showing Aerial Haustorium, a. 



49, Branch of Acacia Atrophied Below and Hypertrophied Above the Infected Region. 
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PLATE VII 



50. Basal Portion of an Aerial Shoot which was almost Eaten 
out by Ants. 



51. Aerial Shoots One Year Old Which Developed from Stumps of Aerial Shoots 
Which AVere Broken off in the Preceding Year. 
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PLATE VIII 



62. Cross Section of Branch Represented in Fig. 49, Showing How the Haustoria 
Encircle the Branch and tlie Position of the Sinlcersand Aerial Braches. 
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PLATE IX 



53. Distorted Branch of Mulberry Caused by Mistletoe. 
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PLATE X 



54. Osage Orange, the Limbs of which are Greatly Distorted as the Result of 

Mistletoe. 



Digitized by LnOOQ IC 



Digitized by 



Google 



PLATE XI 



55. Elm Showing the Dwarfed and Distorted Condition of the Limbs Caused 
by Mistletoe. 
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PLATE XII 



56. Hackberry Badly Infected withlMistletoe. 
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